Autologous stem cell transplantation (aHSCT) has been considered the "gold standard" treatment following salvage chemotherapy for relapsed or refractory Hodgkin's lymphoma. The first randomized trial comparing conventional chemotherapy and aHSCT was published in 1993.
Hematopoietic stem cell transplantation for Hodgkin's disease
Autologous stem cell transplantation (aHSCT) has been considered the "gold standard" treatment following salvage chemotherapy for relapsed or refractory Hodgkin's lymphoma. The first randomized trial comparing conventional chemotherapy and aHSCT was published in 1993. (1) Forty patients received BCNU, etoposide, cytarabine, and melphalan (BEAM) as conditioning regimen followed by aHSCT or "mini-BEAM" in the chemotherapy arm. The results indicated the superiority of transplantation. The European Group for Blood and Marrow Transplantation published a confirmatory randomized study (n = 161 patients), in which dexa-BEAM was chosen for the chemotherapy control arm. (2) With a median follow-up of 3 years, event-free survival (EFS) was 55% versus 34% for the transplant and chemotherapy arms, respectively, reinforcing the recommendation that high-dose chemotherapy with aHSCT rescue should be the treatment of choice for relapsed or refractory disease.
Several models have been employed to predict outcomes in patients with relapsed/ refractory Hodgkin's lymphoma who undergo high-dose chemotherapy followed by aHSCT. Moskowitz et al. proposed the use of three factors: complete remission < 1 year, presence of B-symptoms and extranodal disease at the time of relapse. Patients with 0-1 risk factors had an EFS of 83%, while patients with 2 and 3 factors had EFS of 27% and 10%, respectively. (3) More recently, functional studies to assess chemosensitivity (FI; PET scan, Ga67 scan) performed before transplant have become excellent prognostic tools. (4, 5) Persistence of positive FI before aHSCT identifies a group of patients who will have a worse outcome than those with negative FI after finishing salvage chemotherapy.
Chemosensitive disease has better outcomes with autologous transplants, given the higher relapse and toxicity rates among chemorefractory patients. Several approaches have been proposed to overcome this barrier, including tandem transplants. In this approach, patients are submitted to two sequential autologous transplants, usually within one to three months. An investigation by the German Hodgkin Lymphoma Study Group enrolled 43 primary refractory or very unfavorable relapse patients. Patients received salvage chemotherapy with ifosfamide, etoposide and woxorubicin (IVA), underwent stem cell collection and two tandem transplants. (6) Conditioning regimen for the first aHSCT consisted of CBV plus mitoxantrone, while the second transplant was with cytarabine 6 g/m², melphalan 140 mg/m² and total body irradiation of 12 Gy, or busulfan 12 mg/kg. Four patients had no response to salvage therapy, seven patients received only one transplant and 32 patients completed the initially planned treatment. Among the 24 patients with unfavorable relapses, 20 achieved complete remission and among the 19 patients with induction failure, ten were in remission. The 2-year survival from the date of progression was 65% for the whole study population, while it was 74% for the 32 patients who completed the treatment.
The Groupe d'Etude des Lymphomes de l'Adulte (GELA) treated 245 patients with relapsed disease -150 of which had primary refractory or very high-risk disease -with a protocol including IVA or MINE for salvage, and single or tandem autologous transplants. (7) Patients with standard risk received the first transplant only, while primary refractory or very high-risk patients proceeded to tandem transplants. The first conditioning regimen included cyclophosphamide, carmustine, etoposide and mitoxantrone, while the second transplant, performed 45 to 90 days after the first, used total body irradiation at 12 Gy, cytarabine and melphalan, or busulfan-based preparative regimen, similar to the German study. With a median follow-up of 51 months, in an intention to treat analysis, 5-year progression-free and overall survival were 46% and 57% for high-risk patients, and 73% and 85% for the standard risk group, respectively. In addition, the 5-year overall survival for patients with chemotherapy-resistant disease was 46% (as opposed to an expected rate of 30% observed in previous studies). These results would 
Scientific Comments
Scientific Comments suggest that patients who do not respond well to salvage chemotherapy or for early (occurring less than 1 year after achievement of remission), unfavorable relapses, tandem transplants may be superior to standard single aHSCT. There are several unresolved controversies surrounding this issue, however, and this recommendation is not universally accepted.
Allogeneic transplants have been explored in younger patients who relapse following aHSCT, but are still considered experimental and should be performed within a clinical trial. There is still controversy as to whether a graftversus Hodgkin's disease effect exists. However, long-term survival rates of 10-40% have been reported for selected patients. For those without matched related or unrelated donors, several centers are investigating haploidentical (mismatched related) or unrelated cord blood transplantation. Outcomes are better for chemosensitive patients, especially for those that achieve complete remission prior to transplant. (8) (9) (10) Non-transplant options include everolimus, and the immunotoxin, brentuximab vedotin drugs that have recently been shown to have activity in relapsing/refractory Hodgkin's lymphoma.
In summary, patients with relapsed disease should be referred for transplantation. Hodgkin's lymphoma, however, remains a challenging disease for the minority of patients that are not cured after initial chemotherapy.
